The first observations in vitro of the self-assembly of amyloid fibrils into spherulites prompted further studies both into their mode of formation [6] [7] [8] [9] and their physiological significance. The possibility of the latter was suggested by the occurrence of spherulitic structures in various tissue preparations associated with neurodegenerative conditions 4, 10 . However, to-date none of the amyloidogenic proteins which have been shown to form spherulites in vitro under non-physiological conditions have also been
shown to form similar structures in vivo. We looked to bridge this gap for Aβ 42 , the amyloidogenic peptide which is found in the core of senile plaques in AD and the deposition of which forms the central tenet of the Amyloid Cascade Hypothesis of neuronal disruption and loss in AD 11 .
Spherulites of insulin, β lactoglobulin and human serum albumin all form diameter was allowed to dry-out on the microscope slide over a 30 minute period the core of the spherulite was observed to expand considerably though without the appearance of any core anomaly. Further research will be required to resolve this conundrum. One significant group of perhaps 50 or more spherulites of varying sizes was observed occluded within a matrix of amorphous Aβ 42 (Fig. 1c,d ). Spherulites formed in vitro bound Congo red but did not show apple-green birefringence under polarised light (Fig. 1e,f) . They also bound the β sheet-specific fluor thioflavin T which could be observed by fluorescence microscopy (Fig. 1g,h ). The anomaly in the core of the larger spherulites was not labelled with either Congo red or ThT and, if it is not an artifact, is assumed to be non-proteinaceous or non β sheet Aβ 42 .
These for Congo red or give apple-green birefringence (Fig. 2d,e,f,g ). They were clearly visible under crossed polarisers in tissue stained with thioflavin T and they were easily In an attempt to link the spherulites of Aβ 42 that we observed in vitro to the spherulitic structures we found in vivo the possible role played by Cu(II) in their formation in vitro was investigated in AD tissue using synchrotron μXRF. Copper maps were made for regions surrounding the DG granule layer in which many spherulites had been identified by optical and polarising microscopy ( Fig. 3a,b) . Overlay of copper maps ( Fig. 3c ) and light microscopy images of these regions indicated the presence of locally elevated concentrations of copper in those regions which were most densely populated with spherulites. Iron maps of the same regions showed different intensity distributions to copper (Fig. 3d) and confirmed that the observed copper distributions
were not purely a function of sample thickness or scattering.
We have made the first observation of spherulites of Aβ 42 formed in vitro. They appear to share many of the properties of other amyloid-based spherulites formed in vitro except, perhaps, the prerequisite for Cu(II) in their formation. We have shown 
METHODS SUMMARY
Aβ 42 was purchased as the lyophilised salt (Bachem, Saffron Walden, UK) and dissolved in 0.01mM NaOH at 1 mg/mL (ca 200μM). All peptide assays were prepared in modified Krebs-Henseleit (KH) medium (NaCl -123.5mM; KCl -4.8mM; MgSO 4 -1.2mM; CaCl 2 -1.4mM; glucose -11.0mM) buffered with 100mM PIPES at pH 7.40 and including 0.05% w/v sodium azide to inhibit microbial growth (all chemicals from Sigma, Poole, UK). Cu(II) was added as a certified stock (ca 1g/L) in 2% HNO 3 (PE Life Sciences, Beaconsfield, UK). Images of spherulites were obtained by optical, polarising and fluorescence microscopy using an Olympus BX50 microscope with a ColourView III digital camera using Cell D software.
Alzheimer's hippocampus tissue was cryosectioned at 30 μm thickness with a sapphire blade, and mounted on acid-washed glass slides. Sections were stored frozen, and airdried prior to staining. For imaging by synchrotron microfocus X-ray fluorescence (μXRF), slide cover-slips were removed overnight in xylene, and replaced with a Kapton ® window. Synchrotron X-ray microfocus fluorescence mapping was performed at the I18 Diamond synchrotron beamline 16 as described elsewhere 17 , mapping with a 10 keV incident beam and 4μm in-plane resolution to obtain elementspecific maps in regions of interest. Energy dispersive x-ray peaks were integrated using PyMCA 18 to extract copper and iron from the complete fluorescence spectra for regions of interest. The metal maps were adjusted to match the higher resolution of the optical microscopy by linear interpolation and then overlaid with the corresponding light microscopy images using a transformation matrix obtained using custom Matlab 
